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FOREWORD

The tests described herein were conducted under
NASA Apollo Contract NAS 9-150, during the period
from 4/2/62 to 4/13/62.

This report was prepared by D. N. Hunt and
H. C. Smith of the Wind Tunnel ProJjects Group,
Los Angeles Division.

N\ ..

E. C. Allen - Supervisor
Wind Tunnel Test, S.I.D.

wind Tunnel ojects, L.A.D.
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ABSTRACT

This report contains results of pressure tests of
the 0.02 scale Apollo model PS-1. The tests were con-
ducted in the JPL 2l1-inch Hypersonic Wind Tunnel (Test
No.821-100) at Mach numbers of 5.06, 6.07, 7.35, and
9.0a8.

Presented in thils report are pressure coefficient
and pressure ratio data for all valid runs. A description

of the configurations tested and a key to reading the data
are included.
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I. INTRODUCTION

‘ Hypersonic wind tunnel tests of the .0O2-scale Apollo
pressure model PS-1 were conducted to investigate the pres-
sure distributions on the command module and the launch
escape system, and to evaluate the effect of Reynold's
Number on the pressure distribution.

The command module was tested through an angle of
attack range of 0* to 180°, the launch escape system from
-1 to 90°.

Pretest information was given in Reference (b).

SR SID-62-548
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II. REMARKS

It was discovered that one of the command modules
(6 = 28°®) was yawed about 1° relative to its sting. Since
the sting and module are integral and the support system
has no yaw adjustment this condition could not be corrected.
‘This command module was used for taking all data in the '
angle of attack range -1° to 57° (both command module and
launch escape configuration). The yaw is in the direction
which places the instrumented side of the model on the :
windward side.

One of the command modules (6 = 28°) had three pressure
tubes (P12, P92 and P95) which were leaking. The leaks were
inside the command module and time did not permit the

‘ma jJor rework which would have been involved in fixing
them. The leaks were quite small and these pressures
appear to read very near the correct level.

On each of the three command modules there are several
pressure locations which were eliminated due to the attach-
ment of the sting and tower. Since one data reduction pro-
gram was used for all data there is a place in the tabulated
data for every pressure and even in the case where a par-
ticular pressure tap does not exist a number appears in
the tabulated data. These pressures have been marked out
in the tabulated data. The particular pressure taps that
do not exist on each of the three command modules are
listed on page 12.

A maximum sting deflection of 0.3 degree was estimated
based on maximum sting loads, therefore no corrections were
applied for sting deflectilon.

The nose of the escape rocket motor was in the tunnel
boundary layer at high angles of attack for the LES con-

- figuration. There was no practical way to avoid this
situation with the existing support system and the general
feeling at JPL, based on past experience, was that no
effect would be seen on the command module pressures.

The escape rocket began to enter the boundary layer at an

angle of attack of about 53° to 58° édepending on Mach
number) and was immersed in the boundary layer about

V]
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II. REMARKS - continued

1.2 inches to 1.6 inches (also depending on Mach number)
at 90° angle of attack. This condltion is shown on the
installation sketch, page 10.

Because of the extremely low pressure on the base of
the model,data in this area do not generally have a high
degree of accuracy. On certain points (see page 11) two of
the base pressures were measured on a more accurate
system (LPS) as described on page 11,

Tunnel total pressure was not allowed to exceed a
value which would result in a pitot pressure equal to
transducer full-scale (5 psia). However, under certain
conditions with the LES configuration there were pressures

~which exceeded pitot pressure and thus exceeded trans-
ducer full-scale. The data system does not go off-scale
until a pressure of about 8 psia is reached, however, the
transducer output is nonlinear beyond 5 psia. Pressures
above 5 psia but less than about 8 psia can thus be cor-
rected for the transducer nonlinearity. This correction
has been applied to the data in this report. The corrected
values are written in by hand in the tabulated data. The
correction was not applied to the preliminary copies of
the data which were released prior to this report.

T T SID-62-548
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'III. MODEL DESCRIPTION

General

. The model 1s a 0.02 scale representation of -the
Apollo command module and launch escape systems. In’

: order to cover the full angle of attack range there’

are actually three command modules with different
angles relative to the sting. Each model has pressure
taps distributed over the surface of the command module.

" The structural 1ntegr1ty of the model 1s analyzed
in Reference (a).

The model design drawings are 1isted in Section v

of this report.
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ITII. MODEL DESCRIPTION - continued

B. Nomenclature Sketches

Command Module (C)
Drawing 7121-01151 (-2) (-3) (-4) (-5) (-6)

/54,

Dimensions full scale, inches
Drawing not to scale

SONMBENE SID-62-548
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III. MODEL DESCRIPTION - continued

B. Nomenclature Sketches - continued

Tower Structure (T7)
Drawing 7121-01151 (-18)

Dimensions full scale, inches
Drawing not to scale

DRSS SID-62-548
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III. MODEL DESCRIPTION - continued

B.. Noménclature 'Sketches - continued

Escape Rocket Motor (E10)
Drawing 7121-01051(-14) (-33) (-34)

’ FWD. JETTION MOTOR
30’){ / .' — 26.0 4300
5.2R ) o
- — —_ - N
' !
/7.3‘4— 48.0 ‘1| < /143.4 - 18.2 e
226.9 — >

Dimensions full scale, inches
Drawing not to scale
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IV. TEST PROCEDURE

A. Test Nomenclature

Cp

qo
P
Po

Pressure coefficient = P - Po
Qo

Free stream dynamic pressure = 1/2 V 2, cm. Hg
Local orifice pressure, cm. Hg.

Free stream static pressure, cm. Hg;

Free stream total pressure, cm. ag

Distance to orifice from center of launch face
of model measured along surface of model,
positive on windward side, inches

Radius of command module at maximum section,
inches

Angle of plane of instrumentation relative to
pitch plane, degrees

Angle of command module center line relative
to sting center line, degrees

Roll angle of sting, degrees, will be either 0°
or 180*, @ = 0° is position giving lower angle
of attack range for command module

Angle of attack of sting, degrees (angle of

2ftack geadout system was set to read zero when
s =0

Angle of attack of model, degrees, X = 0°when
launch face of command module faces airstream

R SID-62-548
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IV. TEST PROCEDURE - continued

B. Model Installation

There were three separate models used during the
test, each having its own integral sting. Each sting
was installed at a different angle to 1ts model and
the stings were installed in the JPL 9° Offset
Adapter. The sting pitch range was -1° to +29°. This
arrangement together with the capability of rotating
the stings and models 180° in the adapter allowed a
range of angle of attack of -1° to 181° to be obtained
by using only three models.

The model-sting configurations were designated
adcording to &, the angle between the sting and model
center line. The following table gives the angle of
attack capability for each model.

‘ID ‘ @ J '] g S
28° 0°  -1° to 29°  29° to -1°
28°  180° " 27° to 57°
90° o* " 91° to 61°
90°  180° " ~ 89° to 119°
152° o° " -~ 153° to 123°
152°  180° " 151° to 181°

0NN SID-62-548
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IV. TEST PROCEDURE - continued

C. Instrumehtation

All pressures on the model were measured using
the JPL Multi-Pressure Measuring System (MPMS). This
is a scanning system which uses a single 5 psia trans-
ducer to measure all pressures. The output from this
transducer 1is digitized and Punched on paper tape
which is then used to print "on-line" raw data. The
raw data 1s simultaneously fed electrically to an
Electrodata "Datatron" digital computer. The computed
data 1s fed back to the control room electrically and
tabulated "on-line". The sensitivity of the system
was increased above 1ts normal value for this test to
give a resolution of about .015% of transducer full-
scale. The pressure measuring accuracy 1s quoted by
JPL as about *.25% of transducer full-scale.

In addition to the MPMS measurements, two base
pressures on each model were measured on a low pres-
sure system (LPS) using .3 psid transducers. Due to
the high sensitivity and relatively large volume of
this system the pressure stabilization time was quite
long and it was not practical to wait for full stabl-
lization of this system on all data points. A list of
the points where full stabilization time was allowed
is presented below. For locating the LPS readings in
the data see Data Format, Appendix A, page A-3. It
should be noted that pressures recorded on the LPS
were simultaneously recorded on the MPMS and these
readings appear in theilr normal location in the data.

Data Points where time was allowed for full
stabilization of the LPS readings.

Point xX Point A Point X Point A

9.06 0° 34,02 147° 42,02 147° 50.09 90°

10.01 35.03 180° 43.04 51.02
11.04 36.01 44,03 52.02
12.02 37.01 45, 02 53-93
13.05 38.10 u6.02 5k.02
1k.01 39. 04 47.02 180° 54,10
32.05 147° L0.01 48. Ol L 55. 02
33.03 v U41.03 147° u49.01

11

AN SID-62-548



" NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

IV. TEST PROCEDURE - continued

C. Instrumentation - continued

On each model several of the pressure taps did
not exist due to the attachment of the sting and tower.
The 28° model did not include orifices numbers 1, 25,
63, 65, 82, 83, 84, and 85. The 90° model did not
include orifices numbers 25, 65, 89, 90, and 91. The
152° model did not include orifices numbers 25, 65,
93, 94, and 95. The following sketch and table give
the pressure orifice locations.

12
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IV, TEST PROCEDURE - continued

C. Instrumentation - continued

A=0 A= U45° A= 90°

P s/ | Bf s/r P s/ P s/r
1 2.846 1 -2.846 1 +2.846 1 2.846
2 2.716 | 82 -2.716} |23 2.586| {43 2.586
3 2.586 | 83 -2.586]| |25 2.322] (45 2.322
L 2.4s5 | 84 -2.455) |27 2.052| (47 2.052
5 2.322 | 8 -2.322| |29 1.765| |49 1.765
6 2.188 | 86 -2.188}] |30 1.550| |50 1.550
7 2.052 | 87 -2.052]} |32 1.118| {52 1.118
8 1.914 | 88 -1.914] |35 L4700 |55 470
9 1.765 | 89 -1.765] {99 ol |99 0

10 1.550 | 90 -1.550] |63 -2.586

11 1.334 {91 -1.334] |65 -2.322

12  1.118 | 92 -1.118{ |67 -2.022

13 902 | 93 - .902} |69 -1.7865

14 686 | 94 - .686| |70 -1.550

15 470 | 95 - 470l |72 -1.118

16 253 | 96 - .253| |75 - .4TO

99 0| 99 0

13
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TABULATED DATA FORMAT

To permit handling as UNCLASSIFIED, column headings |
were omitted from the data printout. Identification of
the printout is shown on the following page.
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RUN INDEX |
’ Nominall Nominal | Run No. by Angle of Attack Range-Degrees
Config. Mach "’R'QEIO" 0-20 [20-57101-90]90-119 1_2;-1 ARSrE
C 5.06 | .591 117 I N I | )
v .39 5 8
6.07 | .BOT 10 i 49
1 } Moyl 46 b7 .
027 11 ]
7.35 | .748 15 [ 38T s | 55 i3 38 |
o2 1
] B A"_ U?é I7 5] | !}Q ]
9.08 1456 | 28 | 27 | 51 | 50 32 37
T IT6 30 R b
N B 2 N /-
120"
|__Tower . o ,-_3__;:; N |
E [o} 5.0 591
[ E1077C | 5C ggﬂ S -
. .07 _|. 36 12
. 11
R TS S A % w1
7.35 1748 [ 20 | 19 | 53
. [.287 [ 21
Y 1.074 20
9.08 | .456 23831 26 | 52
176 24
S A B G -

*Reynolds numbers are based on 3.08 inch diameter.
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. + 2.8460 + 2,7160 + 2.5860 + 2.4550 + 2.3220 + 2.1880 + 2.0520 + 1.9140 .
+ 1.6439 + 1.7122 + 1.7641 + 1.8078 + 1.832k + 1.8351 + 1.7987 + 1.0160
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+ 2.8460 +  2,7160 + 2,5860 + 2,4550 + 2.3220 + 2.1380 + 2.0520 + 1.9140
+ 1.7950 + 1.8223 + 11,8351 + 1.0333 + 1.8152 + 1.(66] + 1.6(30 + 11,4168
_____________ + 4,651 + L,7W58 + 4.7787 + 4.7780 + L.T222 + L.6022 + 4.3622 + 35.6996
lambda + + .00 T T T T T e T
+ 1.7650 + 1.5500 + 1,3340 + 1,1180 + .J020 + .6860 + 4700 + .2530
+  .1163 - .002% - .0009 + L0068 + . coe8 + ,006B + L0105+ L0105 T
+ 3448+ ,0388 + .oh2h + 0624 + L0624 + 0624 + 0718 + .0718
lembda + + .00 . ,
.= _2.7160_-_ 2.5860 -_2.4550 - 2,3220 - 2,1880 - 2.0520 - 11,9140 - 1.7650
+ 1.7521 + 1.6956 + 1.62T1 + 1.5386 + 1.W437T + 13114 + 1.0049 + 0406
.................. +  L,5645 + L4,4163 + L.2u21 + L4.0138 + 3.7691 + 3.4278 + 2.6630 +  .1hgh
lambda + + .00 T TTTTTToTTTTTTTTTTTTTTTTTTTTTTT T
- 1.5500 - 1.3340 - 1.1180 - 903Q - «~6860 - <760 - .2530 + .0000
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. _________ + 0024 + 0624 +  OTH1 + 48RS + el + SelB6y +  .0071 +  .OTW
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lambda + + 90.00 T T TTTTTTmomTmTTTrmmmmmmmommmmm T
+ 2.5860 + 2,3220 + 2.0520 + 1.7650 + 1.5500 + 1.1180 + 4700
+ 1.7703 + 1.67%6 + 1.4820 + .0557 + .0050 + .0059 + .0082
........................ +_4,6116 + U.,3622 + 3,8679 + 1883 + .0577 + .0600 + 0659
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lambds + + . .00

+ 2.8460 + 2,7160 + 2.5860 + 2.4550 + 2.3220 + 2.1880 + 2.0520 + 1.9140

+ 1.8825 + 1,831 + 1.812k + 1.T722 + 1.T175 + 1.8358 + 1.5767 + 1.2384
___________ + L7977+ 4.7812 + 47200 + L4.6165 + L.4752 + L.2645 + 3.9573 + 3.2393

lambda + + 3+~ Y5
____________ + 1.7650 + 1.5500 + 1,3340 + 11,1180 + ,.020 + .6860 +  .4700 + .2530

+.0662 + L0073 + L0087 + L0096 + L0096 + L0107 U009 +T TL00GT T T

+  .2154 +  ,0636 + 0671 +  .0695 + .0695 + .0706 + .0695 +  .0683

lambda + + .00 . 4
= 2.7160_-__2.5860_-_ 2.4550 - 2,3220 - 2,1880 - 2,0520 - 1.9140 - 1.7650

+ 1.8%61 + 1.8105 + 1.7722 + 1.7126 + 1.6317 + 1.5035 + 1.1900 + .0675
% _W,7812 + 4.7153 + L.6165 + L. hé3k + L4.2539 + 3.9232 + 3,145 + .2189

lambde + + .

- 1.5500 - 1.3340 - 1.1180 - hz:s% 860 - 7ee -  .2530 +  .0000
- + L0064k +  .0069 + .0128 + et O+ oo + ooB2 + .011h
o p_ w0812+ 062k +  .OTT] + reibbier wwiSFD ¢ w0398+ 0639 + _.O7M2

lambda + + 45.00 T TTTTTTTTTTTTTTmTTmmmmmmmmmmmmmmmmmmmmmmmmmmm
_____* 2,5860 + <8vy380@-+  2.0520 + 1.7650 + 1.5500 + 1.1180 + = .4700

+ 1.8151 + w3388 + 1.5140 + ,0657 + .0078 + .0091 + 0110 T T

+ LU.7271 + SrP5® + 3.9502 + 21h2 + L0647 + .0683 + .0730

lambda + + 45,00 _
_____________ - _2 %0_:__?%:;;_.:__?.-92?9_:__1:Z§§_°_:“11229.9_:__‘_-.‘_1@2_:__~151Q0

+ 1.8178 + = ¥ O1.5121 + L0534 #0073+ L0091 + L0110 T
% b7342 + 46950+ 3.9455 +  .1824 +  ,0636 +  .0683 +  .0730

lawbda + + 90.00 T TTTTTTTTTTTTTTTTTTmToTTmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

+ 2.5860 + 2.3220 + 2.0520 + 1.7650 + 1.5500 + 1.1180 +  .4700

+ 1.0178 + 1.7147 + 1.514k + ,0566 + 0075 + .0101 + .007B
______________ +_ 47342 + U, 46B1 + 3,951k + L1907 + L0636 + .0706 + 0647
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+ 2.8460 + 2,7160 + 2.5860 + 2.4550 + 2.3220 + 2.1880 + \
+ 1.8448 + 1.8315 + 1.8051 + 1.7680 + 1.7034 + 1.6213 + T1.5027 + T1.2200 -
_______________________ +_ U4.8036 + 4.7695 + L.,7013 + L4.5954 + L.U389 + L.2271 + 3.9213 + 3,1918
lsmbda + + .00 T T T T T T e e e e s e e
- _+_1,7650 + 11,5500 + 1.3340 + 1.1180 + .9020 + .6860 + .4700 + 2530
+  .0620 +  .0073 + L0087 ¥ L0096 + L0096 ¥ L00BT ¥ TTL00B2 F L0105 -
+ 2047 + L0635 + 0671 + 0694 + 0694 + 0671 + .0659 + .0T18
lambda + + .00 '
- o= _2.7160 - 2.5860 - 2.4550 - 2.3220 - 2.1880 - 2.0520 - 1.9140 - 1,7650
' + 1.8416 + 1.8829 + 1.786L T+ TT.7298 + W 6532 + T1,8255 % T 1,208 ¥ 0TI T T
¥ B795M ¢ LTWT2 + 4.6531 + 4.5072 + L4.3095 + 3.9801 + 3.1683 + 2082
lambda + + .00 T e e
= 1.5500 - 1.3340 - 1.1180 <= 5680 - 6868 -  456€ - .2530 + 0000
+ L0059 + L0073 + .01k + Wwiibd+ o0ty + 05+ 0082 + .0128
_____________ t___.0600 + _ 0635 + .OTh1 + b3S + 4ve906 + Wl + L0659 + 0776
lambda + + 45,00 T T T T T T T T e e e e S e
___________ .+ _2.5860 + Gw3Ba® + 2.0520 + 1.7650 + 1.5500 + 1.1180 + .4700
+ 1.8133 + 380+ 1.5027 + L0616 + .0068 + T L0096 ¥ TTTLOTIg T T
+ U4.7225 + -GvB@d-+ 3.9213.+ .2035 + 0624 + .0694 +  .0753
lubd382°+ 45.00 ¢ 8 \
S, ~ _2.0000 - fv5@al - 2.0520 - 1.7650 - 1,5500 - 1.1180 - 4700
i Ty 1.‘3233 + % 1.5273 + ,%552 +77.0059 + L0082+ 0096 T
e 3 BoTHOS ¢+ 4wk965 + 3.9848 + L1871 + 0600 +  ,0659 + 0694 |
lambda + + 90.00 , [
+ 2,5860 + 2.3220 + 2,0520 + 1.7650 + 1.5500 + 1.1180 + .L4700
+ 1.8220 + 1,771 + 1,5182 + 0538 + .0068 + .0096 + .0096
____________ +_ L THUB + bATM2 + 5.9613 + L1835 + 062k + L0694 + L0694 —
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